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Abstract 
Efficient modeling of vehicular traffic remains a largely debated issue especially in context of Indian heterogeneous driving 
conditions. VISSIM is a microscopic traffic simulation software that is gaining increasing recognition in India. However, 
modifications to the default behavioral parameters are essential to effectively simulate Indian heterogeneous traffic 
conditions. This paper presents a method and results on sensitivity analysis and automatic calibration of VISSIM model using 
data from an intersection in Chennai. This intersection has heavy flows during the peak time. VISSIM parameters affecting 
driving behaviour in Indian heterogeneous conditions were found using sensitivity analysis. ANOVA and elementary effects 
method were used in sensitivity analysis. The model was calibrated using Visual C++ COM interface of VISSIM. Genetic 
Algorithm was used to find the optimal combination of sensitive parameters during calibration. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
Traffic in developing countries such as India, Taiwan, and Vietnam is heterogeneous in nature. Heterogeneous 
traffic is characterized by a wide mix of vehicles having diverse static and dynamic characteristics. The mix 
consists of both motorized and non-motorized vehicles whose composition varies. Another feature of this traffic 
is the absence of lane marking and lane discipline. The lane widths are also not constant. Analytical modeling of 
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such traffic is in nascent stage. Micro-simulation is favored to study and model heterogeneous traffic (Mathew & 
Radhakrishnan, 2010).  
Microscopic simulations are widely used in transportation operations and management analysis because 
2002). It is a useful tool to effectively analyze and evaluate proposed improvements and alternatives. For 
example an intersection can be simulated for different signal timing plans and its effect found before 
implementing it. 
VISSIM which is used in this study is a microscopic time step and behaviour based simulation model. It can 
model traffic as well as flow of pedestrians. It can analyze public and private transport operations making it a 
useful tool for evaluation of various alternatives for transportation planning (VISSIM 5.40 User manual). It has a 
user friendly GUI with 2D and 3D visualizations. The road networks in VISSIM can be created either as lane 
oriented or space oriented i.e. vehicles can move anywhere in the road without lane restrictions. Any number of 
vehicle types can be created and overtaking of vehicles can be allowed on both the sides. All these features help 
in modeling heterogeneous traffic. There are many advantages of VISSIM over other micro-simulation software. 
VISSIM has the ability to model the interaction between the various modes of transit with automobile traffic, 
ability to generate vehicles randomly and flexibility in modeling complex geometries (Moen, Fitts, Carter, & 
Ouyang, 2000). VISSIM is better in terms of ease of use and does not require cumbersome coding (Ratrout & 
Rahman, 2008).   
Any model created in VISSIM needs to be calibrated so as to sufficiently represent field conditions. In 
calibration the default parameter values are changed till the error between the actual and simulated measure such 
as flow or travel time is less than the required threshold value. Calibration is the process in which the input 
parameters are refined so that the model accurately replicates observed traffic conditions (Yu, Chen, Wan, & 
Guo, 2006). In calibration, the parameters are adjusted so that the model outputs are similar to observed data 
(Hollander & Liu 2008). The various parameters that can be calibrated in VISSIM are acceleration, desired 
speed, and clearance distance (Asamer, Zuylen, & Heilmann,  2011), emergency stopping distance, waiting time 
before diffusion, lane change distance, standstill distance, minimum headway (Park & Schneeberger, 2002) and 
other Wiedemann parameters (Wu, Sun, & Yang, 2005).  
Before calibration is done it is essential to find out the parameters which affect the output of the model in a 
significant way. This is done by sensitivity analysis. VISSIM has large number of parameters which affects its 
driving behaviour. Calibrating VISSIM for all these parameters is needless since all factors may not affect the 
driving behaviour of a particular model in a significant way. ANOVA for a full factorial design was used to find 
sensitive parameters for AIMSUN (Punzo & Ciuffo, 2009).  In Mathew and Radhakrishnan (2010), after the 
model was created in VISSIM the sensitive parameters were found by increasing each parameter values by 10% 
while keeping other parameter values constant. Then simulated delay from the model was compared with the 
delay found using default parameters. If changing the default parameter values affects the delay then it was 
considered as a significant parameter and those parameters were chosen for calibration. In Park and Qi (2010), 
ANOVA was used to find the sensitive parameters from a set of eight parameters that were to be calibrated. A 
Latin hypercube experimental design was used to generate 200 sample sets for the eight parameters. The VISSIM 
model was simulated for the 200 sample sets and one way ANOVA was performed using travel time as the 
measure of effectiveness. The desired speed distribution and minimum gap were found to be the sensitive 
parameters. 
Elementary Effects (EE) method is another method used to screen important parameters affecting a model. 
Quasi-optimised trajectory in elementary effects is an improvement to EE method which provides high 
performance in less time. By using this approach in a case study involving a network in City of Zurich the 
computation time for sensitivity analysis was greatly reduced (Ge & Menendez, 2012). 
Automatic calibration of VISSIM is done to reduce the time and effort required for calibration especially when 
the number of sensitive parameters required to calibrate is more. Simulation models contain large number of 
variables which need to be calibrated. This will consume a lot of time because there will be a large number of 
combination of parameter values from which the best parameter set needs to be found. Therefore it is better that 
the process of calibration be automated to search for the best parameter set. Several studies use the Downhill 
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der 
& Liu, 2008; Wu, Sun, & Yang, 2005; and Mathew & Radhakrishnan, 2010). 
Validation is used to confirm the predictive power of the calibrated model. Validation can be done either 
visually or using measures of fit or by statistical validation (Hollander & Liu, 2008). It is done by giving a 
different data set from that of data input during calibration. 
From the literature mentioned above it is observed that only few attempts have been made to calibrate 
VISSIM for Indian heterogeneous conditions. Also several studies do not perform sensitivity analysis to find the 
parameters which affect VISSM models and then calibrate only those parameters. In this study sensitivity 
analysis is done by both ANOVA method and optimized trajectories for elementary effect. Also calibration is 
automated with the help of Genetic Algorithm tool of MATLAB through COM interface of VISSIM. Model is 
validated with a different data set. A second level of sensitivity is also done to find second order sensitive 
parameters from among the parameters which were found to be not sensitive in the first round of sensitivity 
analysis. This may be because few parameters may dominate the sensitivity of the model and once these are 
fixed, other parameters may show up as significant. The network is again calibrated with one hour data taking 
into account the second order sensitive parameters. Validation is done for next one hour data set from same 
intersection. 
2. Study methodology  
    The main objective of this study is to do sensitivity analysis to find significant parameters and calibrate 
VISSIM through an automatic mechanism. The first step in this approach is to collect the relevant data needed to 
model network. The second step is to model the network in VISSIM, configure the signal programs, place 
detectors to get output and configure the evaluation mode of VISSIM. The third step is to do a sensitivity 
analysis. ANOVA - a statistical technique - and elementary effects methods are used here. The fourth step is 
automatic calibration of VISSIM. COM interface of VISSIM is utilized to automate the calibration process. The 
fifth and final step is to validate the calibrated model. 
 
2.1.Data Collection 
Data of heterogeneous traffic flow such as traffic volume, composition, speed, and signal timing at the study 
sections of the chosen road along with geometric data were collected. In this study data and model required for 
Tidal park intersection in IT corridor in Chennai was obtained from Anand (2012). Totally, two hours of data was 
obtained. The first one hour was used for calibration while the next one hour was used in validation. 
2.2. Sensitivity Analysis 
VISSIM has several parameters that can be changed during calibration. But all the parameters in VISSIM may 
not affect the output of the present model in a significant way. Sensitivity analysis is used to find the parameters 
which have a significant effect on the model. 
Analysis of Variance (ANOVA) is a statistical technique that can be used to perform sensitivity analysis. A 
Latin Hypercube Sampling (LHS) technique is used to reduce the number of samples that need to be tested. 
Discretized values of these samples and error from simulation of these LHS samples are input into ANOVA. 
ANOVA is a technique that is used to draw inferences about population means when these mean values are 
affected by different factors. One-way ANOVA helps to draw conclusions as to whether the particular factor 
influences the response variable. This technique when applied to data set consisting of several independent 
factors and a response variable, can lead to dimensionality reduction by selecting the factors which significantly 
affect the response variable. 
The other technique used in this study is Elementary Effects (EE) method. EE method is based on one at a 
time approach. In EE, in each step the value of one parameter is increased or decreased keeping other values 
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st step
In the second step any one of the
i i is given by equation 1. By 
vary
variable value by incrementing or decrementing each parameter Xi form a trajectory.
(1)
Randomly generating m initial values for the n variables and varying each variable by we obtain m EEs for 
each variable Xi. The mean μ* of the m EEs are calculated. These are the sensitivity index for input variables
(Campolongo & Cariboni, 2007).
2.3. Model calibration.
Calibration is the process in which the various parameters of the simulation model are adjusted till the model
accurately represents field conditions. The parameters of VISSIM, which affects the behaviour of network
created in it, are adjusted during calibration so that the model replicates field conditions. The numerous
calibration parameters that can be modified are categorized based on their characteristics. They are
Driving Behaviour Parameters
Desired Speed Distributions
Acceleration/Deceleration Distributions
     Manually calibrating VISSIM by changing all the sensitive parameters and simulating the model to get the
errors between the actual and simulated measure is time consuming. VISSIM has a COM interface which can be
used to call and simulate VISSIM externally through a code. The COM interface allows direct access to only the
three Wiedemann parameters. The other parameters of VISSIM can be changed by accessing the IN0 file
generated by VISSIM. All inputs given to VISSIM are stored in this IN0 file. Thus with the help of this code
which accesses COM interface of VISSIM automatic calibration of VISSIM is carried out. Genetic Algorithm a
random search and optimization technique is used to generate random sets for parameters within specified bounds
and the calibration code is run till it finds the least mean absolute percentage error (MAPE) value between the
actual and simulated measure.
2.4. Model Validation
     The calibrated models are then evaluated with a new set of field data under untried conditions, including the
input volumes, traffic composition, and other required data. The mean absolute percentage error between the exit
flows from the model and that obtained from the field is computed. The model is said to be validated if this error 
is within required limits.
3. Analysis, results and discussions
The study area is a part of IT corridor from the first foot over bridge to Tidal park intersection (Figure 3.1) in 
Chennai. This study area was modeled in VISSIM. The vehicle flow input was given in start of link near first foot
over bridge and the outflow was found by placing detectors after intersection. The input flow was given for every
5 minutes in terms of vehicles per hour. The percentage of vehicles going straight in the tidal intersection is 80
and those taking left turn is 20%. Signal timings obtained from field were also input. The tidal intersection was
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simulated with default parameters in VISSIM and error was 28.42% as shown in Table 3.1. Simulation was done 
for 5 random seeds each. 
 
 
Figure 3.1.Tidal Park intersection in Chennai (Source: https://maps.google.co.in/) 
3.1. First level sensitivity and calibration 
     A sensitivity analysis was done to find the parameters which affect the driving behaviour in a significant way. 
The parameters which were chosen for sensitivity analysis are 7 driving behaviour parameters and 4 desired 
accelerations (one for each vehicle type) as shown in Table 3.2. Based on previous experience of authors these 
eleven parameters were considered important and hence selected for sensitivity analysis. The bounds for these 
parameters were also taken based on our previous studies. It should be noted that the bounds for acceleration 
parameters are to be selected carefully since high values for these parameters could cause the simulation to stop.  
The parameters and their default values are shown in Table 3.2. ANOVA method and EE method were used for 
sensitivity analysis. 
Table 3.1. Error for Default Parameter Values 
Time Period 
(s) Actual Flow Flow with Default Parameters Percentage Error 
0-300 305 141 54 
300-600 293 205 30 
600-900 289 200 31 
900-1200 275 195 29 
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1200-1500 260 210 19 
1500-1800 300 207 31 
1800-2100 273 209 23 
2100-2400 233 199 14 
2400-2700 271 195 28 
2700-3000 247 207 16 
3000-3300 272 197 28 
3300-3600 329 205 38 
  MAPE 28.42 
 
     In ANOVA method Latin hypercube sampling was used to create random set of values between specified 
bounds for these parameters. VISSIM model was simulated for all these random sets and the error between the 
actual outflow and simulated outflow for the two detectors in the Tidal intersection was noted down. There were 
150 sets of parameters created through Latin Hypercube sampling. Each set of parameters values was simulated 
for 5 random seeds and corresponding number of errors were obtained after simulation. The randomly created 
sample from Latin Hypercube sampling was then discretized. These discretized values and error values generated 
from simulation are input to ANOVA to get the sensitive parameters. Three trials were carried out in this method. 
The results are shown in Table 3.2. The parameters which have p-values less than 0.2 are taken as sensitive 
parameters. Minimum Headway during lane change, average standstill distance, additive part of safety distance, 
multiplicative part of safety distance, and minimum lateral distance between bikes at 0 kmph are found to be 
sensitive.  
Table 3. 2. Parameters List, ANOVA results and Elementary Effects results 
Parameter 
  ANOVA Probability p Elementary Effects 
Default  Range Trial 1 Trial 2 Trial 3 
Trial 
1 
Trial 
2 
Trial 3 
Look ahead distance-min 0 10-30 0.70 0.28 0.63 7.7 8.67 10.14 
Look Back Distance-min 0 10-30 0.49 0.27 0.85 10.60 11.07 12.24 
Minimum Headway (front/rear) 0.5 0.1- 1 0.08 0.10 0.44 263.33 181.90 270.47 
Average Standstill Distance 2 1- 2 4E-06 2E-05 7E-11 150 239.85 252.71 
Additive part of safety Distance 2 0.1- 2 0 1E-14 4E-15 198.19 156.61 158.12 
Multiplicative Part of Safety 
Distance 3 
0 - 3 8E-08 3E-13 3E-09 147.09 104.47 86.66 
Minimum Lateral Distance-bike in 
0 kmph 0.1 
1 0.16 0.01 0.53 349.20 264.92 259.04 
Desired Acceleration Car   at 0 
Kmph 
3.5 3.5 - 5.5 0.99 0.97 0.24 0 0 0 
Desired Acceleration Bike at 0 
Kmph 
3.5 3.5 -7 0.68 0.91 0.76 38.897 68.73 62.44 
Desired Acceleration LMV at 0 
Kmph 
3.5 3.5 - 5 0.74 0.27 0.71 0 0 0 
Desired Acceleration HMV at0 
Kmph 
2.5 3.5 - 5 0.34 0.91 0.50 0 0 0 
 
     Quasi-optimised Trajectory in EE was also used in sensitivity analysis. Thirteen quasi-optimized trajectories 
were obtained from a sample of 500 trajectories based on the spread of the trajectories. Each trajectory consists of 
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12 points. A point in the trajectory refers to one value for each of chosen 11 parameter set. VISSIM model was 
simulated for the 13 trajectories for 5 random seeds each. Three trials were carried out in this method and the 
elementary effects obtained for each parameter is shown in Table 3.2. The parameters minimum headway, 
average standstill distance, additive part of safety distance, multiplicative part of safety distance, and minimum 
lateral distance between bikes at 0 kmph show high level of elementary effect in all three trials and these 5 
parameters were considered sensitive. Look ahead distance-minimum, look back distance, minimum and desired 
acceleration of Bike at 0 kmph showed little effect while desired acceleration Car  at 0 kmph, desired acceleration 
LMV at 0 kmph and desired acceleration HMV at 0 kmph showed no effect in the three trials. 
     Calibration was done by changing only the values of the 5 sensitive parameters while keeping other 
parameters values constant (default values). Genetic Algorithm which is a random search and optimisation 
technique was used to find the parameter set which would give the least error between the actual outflow and 
simulated outflow flow. The GA tool box in MATLAB was used. In GA tool box of MATLAB the number of 
parameters to be calibrated and their bounds are given. The fitness function which gives the error between 
simulated and actual outflow is also given. The population size was fixed at 20 with total generation of 50. Stall 
generation, which is the number of generations over which the weighted average change in the MAPE is less than 
the function tolerance value, was taken as 25 while other parameters of Genetic Algorithm were not changed. The 
default value of functional tolerance which is 1e-6 was used.  After calibration the best parameter set with least 
error values were found (Table 3.3). In this calibration the least error was 8.19% as shown in Table 
3.4.Comparision of calibrated flow with actual field flow is shown in Figure 3.2. (a). 
Table 3.3. Calibrated Parameter Value 
Parameter Value 
Minimum Headway (front/rear) 0.11 
Average Standstill Distance 1.00 
Additive part of safety Distance 0.20 
Multiplicative Part of Safety Distance 0.78 
Minimum Lateral Distance-bike at 0 kmph 0.62 
 
The calibrated model needs to be validated with a different data set other than that used for calibration. The next 
one hour data after the first hour data used for calibration is taken for validation. The validation error is 10.20% 
as shown in Table 3.4. Comparison of validated flow with field flow is shown in Figure 3.2. (b). 
Table 3. 4. Calibration and Validation Errors 
Time Period 
Calibration Validation 
Actual Simulated Error (%) Actual Simulated Error (%) 
0-300 305 286 6.16 283 172 39.22 
300-600 293 270 7.92 275 271 1.53 
600-900 289 305 5.54 295 283 4.14 
900-1200 275 284 3.42 329 288 12.40 
1200-1500 260 272 4.46 329 265 19.33 
1500-1800 300 280 6.73 263 266 1.14 
1800-2100 273 259 5.13 258 253 1.94 
2100-2400 233 285 22.40 261 264 1.00 
2400-2700 271 264 2.44 278 254 8.56 
2700-3000 247 288 16.76 249 273 9.72 
3000-3300 272 282 3.82 260 294 12.92 
3300-3600 329 285 13.50 250 276 10.56 
  MAPE 8.19  MAPE 10.20 
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Figure 3.2. (a)  Comparison of Calibrated Flow 
  
 
                
      
 
 
 
 
3.2. Second Level Sensitivity and Calibration 
      Second level of sensitivity was done to find the more sensitive parameters among the 6 parameters which 
were not found to be sensitive in the first level of sensitivity. The primary idea here is the possibility that highly 
significant parameters may have overshadowed any impact from marginally significant parameters. Both 
ANOVA method and optimized trajectories for elementary effects method were used. In ANOVA method, 150 
samples generated through Latin hypercube sampling were input to VISSIM and their corresponding errors 
found. Each sample was run for 5 different random seeds. Four trials were carried out and probability values 
were found. The results are shown in Table 3.5. Parameters which have p-values less than 0.20 were considered 
sensitive. 
Table 3.5 Parameter List, ANOVA results and Elementary Effects results 
Parameter 
  ANOVA Probability p Elementary Effects 
Default  Range Trial 1 
Trial 
2 
Trial 3 
Trial 4 
Trial 1 Trial 2 Trial 3 
Look ahead distance-min 0 10-30 0.38 0.53 0.47 0.30 19.39 28.28 23.82 
Look Back Distance-min 0 10-30 0.02 0.51 0.10 0.49 22.64 26.59 24.55 
Desired Acceleration Car   at 0 
Kmph 3.5 3.5 - 5.5 0.67 0.13 0.25 0.13 
0.00 0.00 0.00 
Desired Acceleration Bike at 0 
Kmph 3.5 3.5 -7 0.05 0.002 0.91 0.30 
29.62 27.84 24.51 
Desired Acceleration LMV at 0 
Kmph 3.5 3.5 - 5 0.80 0.70 0.21 0.51 
0.00 0.00 0.00 
Desired Acceleration HMV at0 
Kmph 2.5 3.5 - 5 1.00 0.78 0.29 0.13 
26.05 32.20 24.62 
       Table 3.6 Calibrated Parameter Values 
Parameter Value 
Look ahead distance-min 27.91 
Look Back Distance-min 14.31 
Desired Acceleration Bike @ 0 kmph 6.47 
Desired Acceleration HMV @ 0 kmph 4.61 
 
Figure 3.2. (b) Comparison of Validated Flow 
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Table 3.7 Calibration and Validation Errors 
Time Period 
Calibration Validation 
Actual Simulated 
Percentage 
Error 
Actual Simulated Percentage Error 
0-300 305 264 13.51 283 260 8.13 
300-600 293 283 3.41 275 283 2.91 
600-900 289 286 1.11 295 286 3.12 
00-1200 275 281 2.18 329 281 14.59 
1200-1500 260 268 2.92 329 268 18.66 
1500-1800 300 253 15.60 263 253 3.73 
1800-2100 273 264 4.03 258 264 2.40 
2100-2400 233 256 9.87 261 275 5.36 
2400-2700 271 268 1.03 278 268 3.53 
2700-3000 247 279 12.87 249 285 14.46 
3000-3300 272 282 3.75 260 285 9.62 
3300-3600 329 267 18.72 250 267 6.96 
  MAPE 7.47  MAPE 7.79 
                     Figure 3.3. (a)  Comparison of Calibrated Flow          Figure 3.3 (b) Comparison of 
Validation Flow 
     Three trials were carried out in quasi-optimized trajectories for elementary effects method. Twenty two 
trajectories each with 7 points were taken from a sample of 500 trajectories based on the spread of the 
trajectories. The elementary effects for the 6 chosen parameters are shown in Table 3.5. Look ahead distance-
min, look back distance-min, desired acceleration of bike at 0 kmph and desired acceleration of HMV at 0 kmph 
had almost equal elementary effect and are considered to be second order sensitive. Desired Acceleration Car at 0 
kmph and Desired Acceleration HMV at 0 kmph showed zero elementary effect and hence are not considered to 
be sensitive. Overall, the EE method provided more consistent results and hence may require lesser number of 
trials compared to the ANOVA method. 
     Calibration for the Tidal network was done by changing only the values of the 4 second order sensitive 
parameters. The parameters which were found to be sensitive in first level of sensitivity were fixed to the 
calibrated values given in Table 3.3 while all other parameters were given their default values. Similar to first 
level calibration the population size was fixed at 20 with total generation of 50 and stall generation was taken as 
25. Other parameters of Genetic Algorithm were not changed. The calibrated error came down to 7.47% (Table 
3.7) compared to 8.19% in the first level calibration. The calibrated values are shown in Table 3.6. Comparison 
of calibrated flow with actual field flow is shown in Figure 3.3 (a). The validation error for next one hour is 
7.79% as shown in Table 3.7. Comparison of validated flow with actual field flow is shown in Figure 3.3 (b). 
4. Conclusions 
From the study it is observed that both ANOVA and optimized trajectories for elementary effects are very 
effective in finding sensitive parameters which affect a model in a significant way in the first level of sensitivity 
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analysis. But in second level of sensitivity analysis it is observed that elementary effects method gives more 
consistent results. The time taken for one trial run of ANOVA was 6 hours and 20 minutes while time for one 
trial run of EE method was 6 hrs and 30 minutes. Both these analysis were done in the same computer system 
having configuration of 32GB ram. From sensitivity analysis the parameters which are significant in Indian 
heterogeneous conditions were found and their values calibrated. Automated calibration in the same computer 
system took about 35 hours. Automated calibration process has greatly reduced manual effort required to 
calibrate. This study can be extended in future by considering more parameters during sensitivity analysis and for 
modelling different traffic conditions so that a comprehensive list of parameters in VISSIM affecting modeling of 
Indian heterogeneous traffic under varying infrastructure and traffic conditions could be found. 
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